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Full load testing:

PMP5099 Test Base with remote sense and 5mOhm current sense resistors for each
channel:

Input: 5.09V at 3.929A to both fixture and module

All 4 channels sync’ed to TLC555 timer at 472kHz

Channel 1: AVCC 1.100V at 5.1A rating
Actual current 5.104A to Kikisui load:
1.097V at fixture sense points and 1.141V on module power connector

Channel 2: AVCCRX 1.100V at 3.45A rating
Actual current 3.42A to four 80mOhm resistors in series:
1.100V at fixture sense points and 1.134V on module power connector

Channel 3: AVTT 1.200V at 3.45A rating
Actual current 1.50A to three 250mOhm resistors and one 40mOhms in series:
1.196V at fixture sense points and 1.212V on module power connector

Channel 4: AVCCPLL 1.800V at 2.6A rating
Actual current 2.62A to four 150mOhm resistors and one 80mOhms in series:
1.798V at fixture sense points and 1.820V on module power connector

All outputs within %2 % of targets. Also at no load they were at same values within 1mV.

Power in is 20.00W

Power from all 4 outputs at the J2 MPS-08-7.70-01-L-V connector is:
5.824W + 3.878W + 1.818W + 4.768W or 16.29W

Overall efficiency is 81.5%

3.7 Watts on module board itself

See next page for Thermal data / picture
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Thermal data:

PMP5098: 5.1Vin all outputs at full load 3.7W on board
Hottest snubber R116 at 79, lo side FET Q102 at 73.4

hi side Q101 at 69, choke L101 at 72, Q201/2 at 68, R216 at 70,
L201 at 51, Q302 at 64, R316 at 66, Q402 at 67, R416 at 64
ambient 25-28degC

min 29.8 max 79,2
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400)

Texas Instruments

Main waveforms for each channel: start with channel 1: AVCC 1.1V 5.1A
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5.1%in all 4 channels at full load
16.25 Y Shown here for Channel 1: AVCC
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FrPS092 on Test Base PRPSO99
S.1%in all 4 channels at full load
Shown here for Channel 2: AVCCRX

1.134% at 2.424 from module: R216 = 1lohm

Main waveform Q202 drain to source
rep rate is 472kHz

some 170MHz ringing just after turn on of hi sic

Peak of 164 well below 25%d-s rating

MORMAL
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Main waveforms: Continued; Now AVTT 1.2V 1.5A
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FrP3092 on Test Base PRPSO99
S5.1%in all 4 channels at full load
mazimumC] 1 .66 VW Shown here for Channel 3 AWTT
Fregt]2 - — — 1.212% at 1.5A from module: R316 = 1ohm
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Finally, main waveform for AVCCPLL targeting 1.8V at 2.6A
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FPMMP2093 on Test Base PMPSO099
5.1%in all 4 channels at full load
mazimumi] ] 12 .02 Y Shown here for Channel 4: AMCCPLL
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Output ripple: 5.1Vin and all 4 channels at full load:

Start with channel 1: AVCC: measured on Test Base at load connection across 22uF cap
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PRPS092 on Test Base PRMPSO99
5.1%in all 4 channels at full load
maximumi] ] 2 _B4mY Shown here for Channel 1: AYCC 1,097 at 5, 1044
Fregl]) #E 165824 k Hz OufputRipple across 22uF cap at load connection
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PMMP3S093 on Test Base PMPS0299
5.1%in all 4 channels at full load, all switching at
maximum (] ) 1.58mY synchronized 472kHz
Freg(ll Fx 86.9539 k Hz Shown here for Channel 2: AVCCRX 1,100% at 3,424
pkpk (12 3. 189mV Cuiput Ripple across 22UF cap at lnad connection
mean (] 15 Y from Test Base
2 ms BlL mean (4] [} B . 0EmY Target is <10m4p-p; measured: 2.2myYp-p
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Output ripple: continued:
Now channel 3: AVTT: 1.196V at 1.50A
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FMPSO092 on Test Base PRMPSO99
5.1%in all 4 channels at full load, all switching at
maximumi] 1 1. 2B mY synchronized 472kHz
Fregt]l Fr 1B3_551 k Hz Shown here for Channel 2: AWTT 1.196% at 1.50¢
pkpk ]2 2 BB M\ Output Ripple across 220F cap at load connection
mean (]2 32 W from Test Base
2 ms BlL mean(d4] 1 A . BEmY Target is <10mYp-p; measured: 2.5mYp-p
[| 2 m  AC
2 58 mv OC §
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Finally, AVCCPLL 1.8V at 2.6A
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FrMP32092 on Test Base PRPSO99
) 5.1%in all 4 channels at full load, all switching at
mascimumi] 2 1. 33mV synchronized 472kHz
Freq(l)  #& 153. 188 kHz Shown here for Channel ¢: AWCCPLL 1,.798% at 2,64
pkpk ]2 3. 80 mY oufput Ripple across 22uF cap at load connection
mean(]) BS WY from Test Base
.2 ms BlL mean (42 1 B.08mY Target is <10mYp-p; measured: 3myp-p
g 2w AC
2 5B my DC i
3 18 m¥ AC I OC 2.52mY
4 10 my  &EQ J1UFrFEU
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Josh Mandelcorn page 6 of 12 November 24- Dec. 10, 2009



PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Input ripple on input bypass cap(s): Cx14 and Cx15
Worst case was channel 4 AVCCPLL: at 66mVp-p

AVCC had 52mV p-p; AVCCRX had 51mV p-p and AVTT had 59mV p-p
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FMMPS022 on Test Base FMPSO99
5.1%in all 4 channels at full load, all switching at
mascimum] 3 32 . 2my synchronized 472kHz
Fregt]) nn 465 . 794 |k Hz Inputripple to channel 4 at input bypass caps
pkpk ]2 GG . 2mY Shown here for Channel 4: AWCCPLL 1,.728% at 2.64
rean (] ) B 73mY Input Ripple across 22uF cap C411
2 ps BllL mean (42 1 B . QEmY B6mY p-p measured
SE mY A Other channels had 51 to S9mY p-p ripple
g 50 m,v, oc = Max allowed is not specified for this project
2 10 m'u' ac i _ oc 25 2my General good EMI practice is to target <100mY p-p
L2m
4 10 my  5O0 __ S IUFFEU
Qq

Josh Mandelcorn page 7 of 12 November 24- Dec. 10, 2009



PMP-5098 Four outputs of 5Vin Test Report (TPS40400)

Texas Instruments

Start up and shutdown: Turn on thresholds not yet programmed
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PRPS096: SYin applied abruptl
4 PP prly
| ms all 4 outputs have resistive loads near rated load
L am v masimumil 1.125 \ Start up when +5%in plugged in
: Freg(]) — _— _ nhote: Mo programming yet to TPS40400s to set turn
pkpk (1) 1158 W on thresholds, All outputs at load connections
mean ] 7T7e _GBmy Channel 1 brown: AVCC 1,1% loaded to 5.34
1 ms Bl meantd) 516my Channel 2 green: AVCCRX 1.1% loaded to 3.44
Channel 3 red: a%TT 1.2% loaded to 1.54
g5 v oC y Charinel 4 blue: AVCCPLL Inaded to 2,64
% gg mﬁ Bg i L e B.a7 y AVCCRY starts before AvCC, but finishes at or after
m i - AYCT
4 1 v DC 3 _ i e
Qq _
Shutdown: 5Vin removed abruptly (unplugged)
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4 FIMPS095: SYin removed abruptly
) all 4 outputs have resistive Ilnads near rated load
) EIE'SU mascimumil 1 _2=1 v Shutdown when +5%in unplugged abruptly
) Freg(l) _ _ _ note! Mo programiming yet to TPS40400s to set turn
pkpk 017 1 =312 v on foff thresholds. All oufputs at l0ad connections
maantl EAE &my Chanmel 1 brown: ACC 1.1% loaded to 5.34
1 ms Bl mean (4] g3 7y Channel 2 green: AYCCRX 1.1% loaded o 3.44
Channel 2 red: a%TT 1.2V loaded o 1.54
g.s v oc y Channel 4 blue: AVCCPLL loaded to 2.64
2 568 mv OC i _ all outputs bump up +10% - 15% for about S0usec
E 5? ""'E gg 1}3 _ OC @ 37 W upan unplugging Meeds to be investigated
- 10 [RE= T T e

Bump up is real, as it was not seen on channel when probe tied to return
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400)

Configuration parameters for all 4 outputs:

Texas Instruments

Output name units AVCC AVCCRX | AVTT AVCCPLL
Vout Volts 1.1 1.1 1.2 5.1
Imax Amperes 5.1 3.45 1.5 2.6
PMBus add decimal 24 25 26 27
Alt address decimal 32 33 34 35
Vout loop scale 0.545 0.545 0.50 0.332
Current sense Milli-ohms 5.0 5.0 5.0 5.0
Margin High Volts 1.21 1.21 1.319 1.979
Margin Low Volts 0.989 0.989 1.079 1.619
Switching frequency | kHz 384 384 384 384
Toff setting Nano-seconds | 25 25 25 25
Vin on rising Volts 4.0 4.5 4.5 4.5
Vin off falling Volts 3.5 4.0 4.0 4.0
Overvoltage thres. | Volts 1.32 1.32 1.439 2.159
OV response Hex see note 1 | OxBC 0xBC 0xBC 0xBC
Undervoltage thres. | Volts 0.989 0.989 1.08 1.6
UV response Hex see note 2 | 0x04 0x04 0x04 0x04
Overcurrent fault (OC) | Amperes 6.5 4.5 3.0 4.0
OC response Hex see note 3 | 0xBC 0xBC 0xBC 0xBC
Overload warning | Amperes 6.0 4.0 2.5 3.5
Over temp. response | Hex see note 4 | OxCO 0xCO 0xCO 0xCO
On / off Always on | Always on | CNTL HI | CNTL HI
Power Good rising Volts 1.05 1.05 1.14 1.699
Power Good falling | Volts 1.00 1.00 1.09 1.649
Rise time Milli-sec 0.0 2.0 2.0 2.0
Notes:

1: OV response: 0xBC means immediate shutdown and continuous retry with soft-start
2: UV response: 0x04 means continue to rum uninterrupted
3: OC response: 0xBC means immediate shutdown and continuous retry with soft-start
4: OT response: 0xCO means immediate shutdown with retry after cool down below

hysteresis

Josh Mandelcorn
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400)

Start up after programming:

Texas Instruments
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M&w PRMPS095: S4in all 4 outputs fully loaded model 15
all 4 channels of TPS40400 programimed
4 Turn on with SV applied abruptly
I ms mase i mum el 3 1 125 v channel 1 brown: AWCC 1.1v at 5.34
Lmm Freg(]) 272 7 channel 2 green: AYCCRX 1.1V at 3.44
F‘kpk 013 1. 359 W Channel 2 red: AYTT 1.2% at 1.54
meant]) 245 . 9my Channel 4 blue: ANWCCPLL 1.8% 2.64
1 ms BlL mean (41 1 21TFmy AWCCRX starts first, but AVCC reaches 1% first
see separate picture for greater detail
1 58 mv DC § rize times about 2msec as programmed
g 50 mv OC § 1.2% and 1.8% start rising about 1.5msec
3 58 mv DC§ I OC @.5@ W after AVCCRX reaches regulation
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Details of race between AVCC and AVCCRX:
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PRMPSO95: SWin all 4 oufputs fully loaded model 15
) all 4 channels of TPS40400 programmed
maximum (] ) Lo18E Y Tyrn on with 5% applied abrupthy
Fregl]) - - - channel 1 brown: A¥CC 1.1V at 5.34
pkpkld 1.18E V' chanmel 2 green: AWCCRX 1.1V at 344
meanl] ] TIE. 1M avccRY starts first, but AVCC catches up and then
2 ms BlL meantdy | -BmV |oads AVCCRY by almost 200usec to full 1,14
1 208 m OC 3 time and voltage scales expanded to show detail
Bze my OC 5 1.2% and 1.8% {not shown) start rising about
2 50 m OC & — OoC o812 W 1.5msec after AVCCRX reaches regulation
4 - 1 I"“"I DI: 1>fJ T J1urFrcy
Qq
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Race between AVCC and AVCCRX at no load:
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PrRPS095: S4in all 4 outputs fully loaded model 15
_ all 4 channels of TPS40400 prograrmrmed
maximum(] ] L.BET M Turn on with 5% applied abrupthy
Freg(ll - — — channel 1 brown: AVCC 1.1% at no load
pkpk (17 1.881 Y channel 2 green: AVCCRX 1.1% at no load
mean (] T28 . Bl AMCCRX starts first, but A%CC catches up and then
L2 ms BWL mean(4) | -4V leads aWCCRX by about 100usec to full 1.1%
1 28 mv OC time and voltage scales expanded to show detail
4 20 myv OC v 1.2% and 1.8% {not showm) start rising about
8 50 mv OC }% — Ooc @.812 W 1.5msec after AMCCRX reaches regulation
4 .1 W DOC § - HJRHL
Shutdown when input unplugged:
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4 PMRMPS09S: S4in all 4 outputs fully loaded model t5
1 ms all 4 channels of TRS40400 programmed
1 BE W maximumi] ) 1.125 % Turn off with 5% removed abruptly
’ Freg(ll - - — channel 1 bravwn: AYCC 1.1% at 5,34 -off last
pkpk (12 1.224 V' channel 2 green: AVCCRX 1.1% at 3.44 -off third
meanl]) 548 _EmY Channel 3 red: avTT 1.2% at 1.54 -off first
21 ms Bl meanid) 856mY Channel 4 blue: AWCCPLL 1.8% 2.64 -off secand
Moise spike where 4 amperes to input interrupted
1 60 my OC 3 i )
450 my OC & by pulling plug connection
350 my DOC 5 1 OC @.72 W
4 1 v OC & U IHL
Qq
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PMP-5098 Four outputs of 5Vin Test Report (TPS40400) Texas Instruments

Bode Plots: (model t4 used)

AVCC:
o o
© @
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Q PMP5098 5.0Vin TPS40400 1.1V 5.3A AVCC ™~ ‘ o
10dB on PMP5099 test base added 22uF at connector -30 deq
Voltage loop Bode plot N
crossover at 22kHz with 71 degrees phase margin \\\
20dB -180 degrees at 152kHz with 23dB gain margin N~ 60 deg
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AVCCRX: (Note: AVTT and AVCCPLL have same flter / compensation as AVCCRX)
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20 4B Y ) deg
el
) dB h‘-"“'-----.._ \\ 30 ded
\ °
E ] dB \\“ U ded _cCU
Q PMP5098 5.0Vin TPS40400 1.1V 3. 4A AVCCRX \\ ‘ o
0dB on PMP5099 test base added 22uF at connector M ) ded
\Voltage loop Bode plot ™ \
crossover at 26.6kHz with 64 degrees phase margin ™
20 4B 180 degrees at 141kHz with 18dB gain margin Ny N\ 60 dec
Josh Mandelcorn Dec. 10, 2009 Venable 3120 \
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right,
or other intellectual property right relating to any combination, machine, or process in which TI components or services are used.
Information published by TI regarding third-party products or services does not constitute a license to use such products or services, or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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